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A new theory on ionosphere i r r e g u l a r i t y  formatione i e  

proposed. This  method is based on the  d r i f t  flow i n s t a b i l i t y  of 

. charged p a r t i c l e s  i n  the  F-layer. * 
. . >. 

. 

x. The i n v e s t i g a t i o n  of ionosphere i r r e g u l a r i t i e s  c o n s t i t u t e s  

the  s u b j e c t  matter  of t h a t  p s r t i c u l a r  s e c t i o n  of  physics c a l l e d  

.physics  of the  upper atmosphere l a y e r s .  An abundant experimental 

ma te r i a l  has been asseabled during the  p a s t  decade with r e spec t  t o  

v e l o c i t e s ,  e l e c t r o n  concent ra t ion ,  dimensions and l i f e t i m e  of iono- 

sphere i r r e g u l a r i t i e s .  This  mater ia l  was systematized i n  s e v e r a l  abs- 

t r a c t s  C1- 51. The nature of formation of these  i r r e g u l a r i t i e s  is 

still unknown, except f o r  the  E-region, where i t  is i n  the  gas flow 

e q i t a t i o n  mechanism, the  l a t t e r  playing the  e e s e n t i a l  p a r t  of i t .  

The i r r e g u l a r i t i e s  appear as  a r e s u l t  of tu rbu len t  mixing, and i n  

the  f i r s t  a~prox ima t ion  one can assume t h a t  during i ts  motion t h e  

n e u t r a l  component absorbs completely the  ionized  one. 

The e f fec t iveness  of such mixing must, however, sha rp ly  decrease 

i n  pass ing  t o  flows ' i n  the  F-layer, which is f i r s t  of a l l  linked with  
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the  f a c t  t h a t  a t  F-layer he igh t s  t h e  appearance is nade q u i t e  d i f f i c u l t  

on account of t he  g r e a t  kinematic  v i s c o s i t i e s  [4,73. Furthermore, i t  

must be borne i n  mind t h a t  t he  ~ovemen t  of  molecules i n  t h e  F-layer i n  

a d i r e c t i o n  perpendicu lz r  t o  t he  geomagnetic f i e l d  (%) does not  cause 

s i g n i f i c a n t  charge.d p a r t i c l e  s h i f t ,  Because of  t h i s ,  t h e  mixing of  e lec-  

' t r o n s  and ions  is almost impossible .  

It is  necessary t o  po in t  out t h a t  t h e  above-described method of  

t u r b u l e n t  mixing is  not the  only one f ac ing  many d i f f i c u l t i e s ,  Such is 

a l s o  the  case of  o t h e r  mechanisms brought f o r t h  t o  exp la in  t he  o r i g i n  

of  ionosphere i r r e g u l a r i t i e s  i n  t h e  F-layer and t h e i r  na tu re  &4, 7 , 93. 
I n  our opinion i t  is inap12ropriate t o  l i n k ,  as w a s  done e a r l i e r ,  t h e  

occurrence of  i r r e g u l a r i t i e s  i n  t he  F-layer with i n s t a b i l i t i e s  condi t ioned 

by t h e  flow of n e u t r a l  p a r t i c l e s ,  It is necessary,  f i r s t  of  all, t o  pay 

a t t e n t i o n  t o  the  i n s t a b i l i t i e s  appear ing dur ing  the  e l e c t r o n  and i o n  

d r i f t s .  This  s ta tement  w i i l  p r e c i s e l y  be f u r t h e r  developed dur ing  t h e  

d i scuss ion  of t h e  o r i g i n  of i r r e g u l a r i t i e s  with  dimensions 2 - 1 -- 1 0  km, 

We s h a l l  not  d i s c u s s  the  na tu re  of i ~ ' r e g ~ , l a r i t i e s  with  dimensions l.ul80krra 

According t o  our theory ,  developed below, t he  causes f o r  t h e  

occurrence of i r r e g u l a r i t i e s  a r e  as fol lows : f i r s t ,  t he  inhomogenous 

na tu re  of e l e c t r o n s t a n d  ions- r i f t  i n  he igh t  and o t h e r  d i r e c t i o n s  

( s e e  d e t a i l s  below) and, secondly,  the  presence of c u r r e n t s  i n  t h e  

I?-region of tk-e ionosphere,  

The c o n c l u ~ i o n  about t he  appearance of smal l -scale  s t r u c t u r e s  

i n  t he  magnetoactive plasma i n  the  presence of c u r r e n t s  was made e a r l i e r  

i n  a s e r i e s  of works f o r  t h e  purpose of its app l i ca t ions  t o  gw-discharge  

[lo] o r  high-temperature plasma C111. The i n s t a b i l i t y ,  then  occur r ing ,  

was not  d i r e c t l y  l i nked  with  the  systems"0undary condi t ions  and was 

c a l l e d  t lconvective c u r r e n t  i n s t a b i l i t y n  [lo]. 

I n  the  chapter  1 below we s h a l l  o b t a i n  the  condi t ions  f o r  t he  

occurrence of i n s t a b i l i t y  i n  t h e  d r i f t  motion, t ak ing  account of t h e  

s i t u a t i o n  a r i s i n g  i n  t h e  F-lzyer.  I n  t h e  cases  considered by u s  all t h e  



i n s t a b i l i t i e s  cannot be a sc r ibed  only t o  convect ive-current  c a t e g o r i e s  

C101. \Are e s t a b l i s h e d  i n  chap te r  2 t h e  r e l a t i o n s h i p  between the  i n s t a b i -  

l i t y  cond i t i ons  obtained i n  chap te r  1 and t he  appearance of i r r e g u l a r i -  

t i e s  i n  t h e  F-layer.  

1, CAUSES O F  I N S T A B I L I T Y  OF I O N O S P E E R I C  D R I F T  MOTEORS 

I N  THE F-LAYER. 

To determine t h e  causes  of i n s t a b i l i t y  appearance du r ing  flows 

of e l e c t r o n s  and i o n s  i n  t h e  F- layer ,  i t  is necessary  t o  conduct an i n -  

v e s t i g a t i o n  s i m i l a r  t o  t h a t  of [lo]. 

The convect ive  c u r r e n t  i n s t a b i l i t y  i n  t h e  plasma of t he  p o s i t i v e  

column i n  t he  presence of an o u t e r  r n a ~ n e t i c  f i e l d  (Ho) w a s  i nvesd iga l ed  

i n  t h e  l a s t  work. Because of t he  s p e c i f i c  ionosphere  cond i t i ons  and t h e  

n e c e s s i t y  of a  s e r i e s  of s i m p l i f i c a t i o n s ,  we a r e  no t  i n  a  p o s i t i o n  

t o  use t he  r e s u l t s  of C l O l  f o r  our  purpose. Therefore ,  we are forced  

t o  conduct a complete i n v e s t i g a t i o n ,  though i n  a condensed form, Fo r  

the  descr i -p t ion  of i onosphe r i c  plasma processes  we w i l l  use t he  quasi- 

hydrodynamic systems of equa t ions  d e f i n i n g  t h e  f low of e l e c t r o n s  and 

i o n s  and t h e  v a r i a t i o n  of t h e i r  concen t r a t i ons  C4, 7,101 

aui 
P i  7 + Pi (u iv )  U i  + Pevei ( U L  - ue) + PIVIO (ui - U O )  = 

e N i  
= - VPi + qivzui + 7 Iui WoI + eNi Er- (2) 

a*, a N i  - + div (Neue) = 0 ,  - + div (Niui) = 0; 
dl at 

(3) 

Here f, and P i  a r e  the  d e n s i t i e s  of e l e c t r o n  and i o n  components; 

ae and ' 1 ~ i  are t he  v e l o c i t i e s  of r e g u l a t e d  e l e c t r o n  and i o n  f lows;  

pe and p i  are the  p a r t i a l  p r e s s u r e s ;  7 and t\ a r e  t he  d y n a d c  

v i s c o s i t i e s ;  urn is the  flow v e l o c i t y  of molecules ; ei, 9 em, 9 im 
a r e  the  nunibers of c o l l i s i o n s  of e l e c t r o n s  with i o n s  and molecules,  and 



of  i o n s  wi th  molecules;  Re and,  Ri a r e  t he  concen t r a t i ons  o f  e l e c t r o n s  

and i o n s  r e s p e c t i v e l y ;  E is t h e  e l e c t r i c  f i e l d ;  e  is t h e  a b s o l u t e  

magnitude o f  the  charge of art e l e c t r o n ,  

Vle shall f i r d h e r  cons ider  $ba"c"che cond i t i ons  f o r  plaslma neu- 

t r a l i z a t i o n  a r e  %u l f i l . l ed  with a ~ l ~ t f f i c i e n t  p r e c i s i o n  and  we eLssume 

t h a t  No = Ni =N.) It is w e l l .  known that t he  def lec t io r r  frorn neu t ra -  

l i t y  is ve ry  s m a l l  i f  t h e  frequency of  6is"curbances o goor, 

where mot is t h e  Langmuir frequency af plc.str,a i o n s  C121. T h i s  i n e q u a l i t y  

is f1: l f i l led  i n  ca se s  of i n t e r e s t  t o  u s ,  A t  t h e  same time, i t  is impos- 

s i b l e  t o  d i s r e g a r d  t h e  e l e c t r i c  f i e l d s  appear ing  a t  charge s p l i t t i n g .  

Such f i e l d s  can be very  s i g r l i f i c a n t  even a t  weals s p l i t t i n g s ,  X i t b  t h e  

a i d  o f  equa t i ons  (L ) - ( 3 )  we sl?dl i n v e s t i g a t e  s m a l l  d i s t u rbances ,  

For  t h e  purpose of such i n v e s t i g a t i o n  me w i l l  assume t h a t  t h e  e l e c t r o n  

and i o n  veXoci t i es  D ,Q a d  Via a r e  given., 1% is e s s c ? n d i a ,  that 

subsequent ly  we s h a l l  &nays eons ides  UeO & BiO, Thus, i n  equ i l ib i r iuan  

c o n d i t i o n s ,  the c u r r e n t  d e n s i t y  is -- @BO ( BiO - UeO) 0. 

Le t  us  d i v i d e  t h e  exp re s s ion  ( 1 ) b y  t h e  d e n s i t y  p , = U ,  and ( 2 )  

by Qi i= MN (m and N be ing  t l ~ e  masses of e l e c t r o n s  and i o n s ;  f o r  the 

sake o f  s i m p l i c i t y  we s h d - 1  c a n e i d e s  t h a t  t h e s e  a r e  i o n s  of only one 

k i n d ) ,  A f t e r  l i ne i i r i z a . t i on ,  we a r r i v e  at  t h e  f oll.o:'iiizg equa.tione : 

I n  t h e s e  and i n  t h e  above-mer+t.icned equa t ions  t h e  unper turbed valuee 

v a l u e s  a r e  provided wi th  t h e  index  zero ,  and t h e  pe r tu rbed  ones w i th  a 

dash,  I n  pa s s ing  from (11 ,  ( 2 )  t o  ( b ) ,  (5) we u t i - l i z e d  t h e  e s r r e l a -  

t i o n s  p, = NxT, and  p i  == NxT i ( % be ing  %he Boltzmann cons t an t  and 

T t h e  tei.::3era'cure), It v:as subsequently @aIreil i n t o  account t h a t  at 



N, > N  (N, be ing  t h e  concen t r a t i on  o f  ailolecules) i t  is  p o s s i b l e  t o  

n e g l e c t  t h e  e f f e c t  of  charged p a r t i c l e s  on t h e  n e u t r a l  ones,  Only s u f -  

f i c i e n t l y  l a r g e - s c ~ J e  mot ions ,  commensurate w i t h  t h e  dimensions o f  t h e  

P-layer,  which a r e  n o t  d i s cus sed  h e r e ,  could  c o n s t i t u t e  an excep t i on ,  - 
In (4)  and (5) SeO and 1) iO a r e  the  k inemat ic  v i s c o s i t i e s  f o r  t h e  

- 2 elect roxi  and i o n  con.ponents , By o r d e r  o f  magti~i-i;ude v,,-  em and 
- 

2 v - v / v l  where u', a n d  Vi a r e  t h e  mean therma?. v e l o c i t i e s  o f  $low 

f o r  e l e c t r o n s  and i o n s ,  - 
The e l e c t r o s t a t i c  f i e l d  E J= - Vqt ,  hindering a s t r o n g  split- 

t i n g  of charges  i n  t h e  plasma, is in t roduced  i n  ( 4 )  and (51, ewee 

compelled t o  d e a l  with such t ypes  o f  f i e l d s  i n  numerous c a s e s  ( f o r  

example i n  [ lo ,  1 2 , 1 3 1 .  The method used by u s ,  which t a k e s  Lnto account  

t h e  e f f e c t  o f  e l e c t r i c  f i e l d s ,  w a s  borrowed from CI.03. 

After l i n e r a l i z a t i o n  t h e  equa t i ons  (3 )  can be m i t t e n  i n  t h e  

form 

'E at -+No div U; + N' div U,, 4- u)VN, + U,,VN' = 0, (6) 
aN' - + N o  div uj' + N '  div &ILo -f- u,'VN, + BJ,BrN' -- 0. dt (7 j. 

Consider ing t h a t  a l l  t h e  v a r i a b l e s  depend on time i n  accord 

wi th  t he  l a w  iut, we o b t a i n  a f t e r  some n e g l e c t s  : 

+ (UioV) + vim] u,' - R,, luj'.r] - $ v,u; I 

+ (uiov) 4- div Uiol N' + INo div + VN,] ui = 0. 
(9) 

I n  (8)  % is a  u n i t a r y  v e c t o r  i n  t h e  d i r e c t i o n  o f  t h e  E m t h @ ~  

magnetic field BtO ; 

are t h e  gyrof requenc ies  f o r  e l e c t r o n s  and i o n s  ; Q 
=Qeaa Weie 



We dropped the  add.ends r e f l e c t i n g  t h e  e f i e c b  of v i s c o s i t y  f o r c e s ,  f o r  

t h i s  is poss ib l e  whenever t he  cond i t i ons  

vem 'Vcok2,, v i m  > Giok2. (10) 

a r e  f u l f i l l e d .  

These i n e q u a l i t i e s  imply t h a t  t he  wavelength A =  2 ~ / t  ( o r  do 

be more p r e c i s e  -- t h e  l e n g t h  1 = A/ 2% ). Below t h e  F- layer  m a x i m  
d 

t h e s e  cond i t i ons  a r e  f u l f i l l e d ,  bu t  wi th  no t  t oo  g r e a t ~ r e s e r v e ,  f o r  
5 i r r e g u l a r i t i e s  wi th  l - 5  * l o4  -- 10 cm ( i t  is assumed t h a t  1 - A  ). 

Fur the r ,  addends of t he  type (u,'V) Ueo and (ui 'v)  UIO, , which a r e  s m d l  

by comparison. wi th  t h e  terms v c m ~ e '  and vimui7. , a r e  neg l ec t ed ,  

I n  o r d e r  t o  ob t a in  t he  d i spe r s ion  equa t ion  and determine t h e  

cond i t i ons  of  p e r t u r b a t i o n  a c c r e t i o n  i t  is app rop r i a t e  t o  w r i t e  t h e  

equa t ions  (8 )  i n  p r o j e c t i o n  on coord ina te  axes ,  choosing t h e  axis e 

i n  t h e  d i r e c t i o n  of t h e  permanent magnetic f i e l d  Ho. ",ubsrruent s imp l f f i -  

f i c a t i o n s  w i l l  be t o  a g r e a t  e x t e n t  l.inked ~ v i t h  t::e use of t he  cond i t i on  

QH > v i m .  (1 1) 

The l i m i t a t i o n  of (11)  is q u i t e  s g e c i f i c  f o r  t h e  F- layer  and 

i t  determines  t he  p o s s i b i l i t y  i t s e l f  of occurrence i n  t h e  presence of 

l a t e r a l  e l e c t r i c  f i e l d s  of e l c t r o n s t  and ions-dpft  s h i f t i n g s ,  A t  t h e  

f u l f i l l m e n t  of t h e  condi t ion  (XI) ,  we may admit wi th  a still g r e a t e r  

p r e c i s i o n  on v,,. P r o j e c t i n g  t he  equa t ions  (8) on t h e  axis z  and 

r e s o l v i n c  t hen  r e l a t i v e  t o  v a r i a b l e s  u @  and u q  iZ, 
ez we o b t a i n  

where A,, and Aiz a r e  determined by t h e  f o r m u l e  



I n  o r d e r  t o  o b t a i n  (12) and ( 1 3 )  i t  wrs n e c e s s a r y  t o  assume t h a t  

? e v e ,  o < ~ ~ ~  and d rop  a s e r i e s  of  addends,  whose s m a l l n e s s  s tems from 

t h e  p r e c e d i n g  i n e q u a l i t i e s ,  To s i m p l i f y  f u r t h e r  we w i l l  n e g l e c t  t h e  addend 
"ci nt with  -- 
v,, 

i n  t h e  c o r r e l a t i o n  f o r  u i Z  (12 ). Usua l ly  v,,, > Vei. below t h e  F- layer  

maximum. Then t h e  a c c o u n t i n g  of  t h i s  adrend h a s  no d e c i s i v e  s i g n i f i c a n c e  

f o r  t h e  c o n c l u s i o n s  even a t  v , ~  -Veto 

For  v e l o c i t y  components of a  d i r e c t i o n  t r a n s v e r s e  to '  t h e f i e l d  HO 
a f t e r  t a k i n g  i n t o  account  ( 1 1 )  and a s e r i e s  o f  i n e c j u a l i t i e s  of e v i d e n t  

c h a r a c t e r ,  we have 

The W r i t i n g  r u l e s  of  t h e  c o r r e l a t i o n s  A,,, AcYIa Aix, . A ~ Y  a r e  c l e a r  

from (131, F u r t h e r ,  i t  is n e c e s s a r y  t o  2ind t h e  mathelaat ical  e x p r e s s i o n  

f o r  div ue', div ui' VNOue', VNoui and s u b s t i t u t e  cor respond ing ly  i n  ( 9 ) .  

Subsequent. a n a l y s i s  shows, however, t h a t  f o r  t h e  purpose of  p r e l i m i n a r y  

a b a l y s i s  many terms can be n e , l e c t e d ,  I n  o r d e r  t o  s a v e  s p a c e  we w i l l  show 

i n  d e t a i l  t h e  p o i s i b i l i t y  of  r e . j e c t i n g  a  s e r i e s  of s a a l l  te rms o f f e r i n g  

no i n t e r e s t  f o r  t h e  q u e s t i o n  of  ionosphere  i r r e q u l - a t i t y  occur rence ,  We 

shall n e r l e c t  t h e  t e r m  - ,  l/uH, and, a l s o ,  re: p e c t i v e l y  t h e  addends o f  

t h e  o r d e r  l / Q z  and 1/52". . T!zis nec; lect  f o r l : ~ , i i y  responds  t o  t h e  t r a n s i -  

t i c r l s  ueVxy 3 0 alici u , , ~ ~ - + O -  

Here i t  ~ u ~ t  be borne i n  mind, t 3 a t  'og dropping t h e  t e r m  I /  o:, 1/Q:, 

we f u l l y  n e g l e c t  t h e  c o n t r i b u t i o n  from t h e  t r a n s v e r s e  d i r f u s i o n  ( . d i f f u -  

s i o o  i n  a d i r e c t i o n  perpendicular t o  EO). The c o e f f i c i e n t  of  such  a  d i f -  

f u s i o n  i n  t h e  F- layer  is much l e s s  t h a n  t h e  l o n a i t u d i n a l  one. For f la t -wave 

d i s t u r b a n c e s  t h e  t r a n s v e r s e  d i f ~ u s i o n  may become de te rminan t  i f  t h e  d i r e c t -  

i o n  o f  t h e  d i s t r i ~ ~ u t i o n  c o n s t i t u t e s  an an(y1e n e a r  %'/2 w i t h  Hoe But for 

our  c a l c u l a t i o n s  we s h a l l  f u r t h e r  assurie t h a t  such  p e c u l i a r  t y p e  of cohdi-  

t i o n s  do n o t  t a k e  p l ~  e ,  and t h e  main c o n t r i b u t i o n  is t h u s  p rov ided  by t h e  

l o n g i t u d i n a l  d i f f u s i o n .  



I n  t h e  second pla.ce , ne, r lec  t i n g  t h e  t e r m  w 1 / & ~  is tantamount 

t o  f a i l i n g  t o  account  f o r  t h e  conective-current,instabilitv mechanisms. 

which mere t h e  o b j e c t  o f  i n v e ~ t i g a t i o n s  i n  [lo] and i n  a number of  

o t h e r  p a p e r s ,  

A f t e r  a fey: r;oc7ir"ieet,Fn--c i n  .<be formulas  ( 9 ) ,  (121,  (13 )  
we v i L L  o b t a i n  idle f ~ r : - u l , ~ s  (1L) and ( 1 5 )  h e r e a f t e r  : 

I n  p a s s i n g  t o  ( 1 4 )  and (15) we dropped t h e  te rms c o n t a i n i n g  

t h e  g roduc t  o f  d e r i v a t i v e s  from r e ~ u l a r  q u a n t i t i e s  ( f o r  example t h e  

aclfends 

~ N I ,  
U -- -- 

dz Xx  and o t h e r s .  ), L e t  us f u r t h e r  
dlVo dN' n o t e  t h a t  t h e  t e r m  wit""= i n  ( 1 4 ) ,  (15) may a l s o  b e  dropped,  

inasmuch as t h e y  e r e r t  a s n a l l  e f ~ e c t  on t h e  p r o p a g a t i o n  v e l o c i t y  of  

p e r t i ~ r b a t i o n s .  For t h e  f l a t - t y p e  d i s t u r b a n c e s  a l l  t h e s e  t e r m  are i n  

phcse w i t h  t.\e t r u e  p 2 r t  of t h e  coii:plex f requency  . But f o r  o u r  

purpoce ,  h o r e v e r ,  t t e  main i n t e r e s t  r e - i d e s  i n  t h e  d e t e r m i n a t i o n  of 

p e r t u r b a t i o n s t  a c c r e t i o n  v e l o c i t y  ( r a t e  ). 

The v a r i a b l e  (PI can o b v i o u s l y  be e l i m i n a t e d  from ( 1 4 ) ,  ( 1 5 ) .  

i:t t h e  s a m e  t ime ,  n e g l e c t i n ?  t h e  s ! l~a l l  t e r r , s  of t h e  o r d e r  o f  t h o s e  

e l r e a d y  dropped,  we a r r i v e  a t  tile fo1lo~::ing e q u a t i o n  : 

d Mvim 
;i; {- [io + (UioV) + diu Uio - Dl;] N' + 

a In NO Mvim 
mve[io + (UrV) + div ~ r - D e & ]  N ' }  + T{x lia + (uiuV)I C + e ~ o  



I n  (16  ) D, = xT,/ (my,) and DL = XT~,,I (Mvim) have a d i m e n s i o n a l i t y  of d i f  f  u- 

s i o n  c o e f f i c i e n t s .  When f i n d i n g  t h e  c o n d i t i o n s  o f  p e r t u r b a t i o n  a c c r e t i o n  

we s h a l l  elin:ina.te i n  t h e  f i r s t  ap;?roxinat ion t h e  d i s s i p a t i v e  p r o c e s s e s  

and t h e  p r o c e s s e s  which may l e a d  t o  i n s t a b i l i t y ,  n e ~ 1 e c t i n . q  i n  (16 )  t h e  

terms w i t h  3 1 n  No/dz, 2 l n  "de/a z and a l n  vim/ az , and d ropp ing  a l s o  t h e  

d i f f u s i o n  terms acd t h e  adrLends w i t h  d i v  U,o and d i v  OiO. 'Je t h e n  

o b t a i n  

{Mvim [i; + (UtoQ)] + mve Iio + (UeoV)1)N1 = 0. (1 7) 

According t o  (I?), we n o t i c e  t h a t  f u r t h e r  on3the f requency 

O is c o n s i d e r e d  complex 
- ,  

o = o - iy, (18) 

where and T a r e  t r u e ,  I f  7 > 0 ,  t h e  s m a l l  p e r t u r b a t i o n s  grow i n  t ime 

a c c o r a i n g  t o  t h e  l a w  eyt.  I f  t h e  v e l o c i t i e s  UeO and UiO v a r y  l i t t l e  

o v e r  t h  wavelength,  f l a t  waves may be u t i l i z e d  f o r  s o l u t i o n s  o f  (I.?), 

assuming t h a t  N-varies a c c o r d i n g  t o  t h e  l a w  e x p ( - - Y s r ) ,  Then, w e  

o b t a i n  from ( 1 7 )  t h e  e q u a l i t y  

Cons ide r ing  t h a . t  t h e  v e l o c i t i e s  UeO and Ui0 do n o t  d i f f e r  much 

from one a n o t h e r ,  and a r e  a t  any r a t e  of t h e  s a n e  o r d e r ,  we g e t  approxi-  

mately from ( l 7 a )  

I n  pass in^ t o  ( 1 9 )  i t  w a s  taKen i n t o  account  t h a t  i n  t h e  F-region 

of  t h e  ionosphere  dc ~ q , ,  , by t h e  s t r e n g t h  o f  what Mvim>mVe~ 

I n  t h e  n e x t  ap- r o x i ~ a t i o n ,  assuming t h a t  Y etr3 , and t a k i n g  

i n t o  account  ( 1 7 ~ 1 ,  (I?), we r e a c h  t h e  f o l l o w i n g  c o l r e l a t i o n  : 

Here ' j, = eNo (Uro - U e o )  is  tile cur r*en t  d e n s i t y .  l 'ormula ( 2 0 )  is f i n a l  

and use  of i t  i s  go ing  t o  be made i n  the n e x t  c h a p t e r .  



2, -  ITJSTABILITY OF DRIFT MOTIONS AND IIiREG1,'LARITY FORMATION 

I N  THE F-LAYER OF THE IONOSPBEF3, 

L e t  u s  app ly  t h e  d r i f t  motion i n s t a b i l i t y  c r i t e r i o n  ob t a ined  

i n  chap t e r  1, t o  t h e  i n t e r p r e t a t i o n  o f  t h e  phenomenas connected wi th  

t h e  appearances  of i onosphe r i c  i r r e g u l a r i t i e s  i n  t he  e l e c t r o n  concen- 

t r a t i o n ,  It is  f a i r l y  ev iden t  t h a t  t o  form inhomogenei t ies  o r  i r r e g u l a -  

r i t i e s  t h e  cond i t i on  of weak d i s tu rbance  a c c r e t i o n  is p r e r e q u i s i t e .  

F u r t h e r ,  we s h a l l  compare t h e  d r i f t  o f  inhomogenei t ies  wi th  t h e  propa- 

g a t i o n  of waves, whose v e l o c i t i e s  V4 = ((wlk2)k a r e  determined from ( 1 9 ) ,  

and t h e  a c c r e t i o n  (damping)- f r o a  (20) 

Note, t h a t  i n  l i t e r a t u r e  one can f i n d  i n d i c a t i o n s  on t h e  wave- 

l i k e  s h i f t  of  t h e  i r r e g u l a r i t i e s  w i th  an expressed  v i b r a t i o n  monochro- 

m a t i c i t y  Cl41. However, t h e  conc lus ions  on t h e  occurrence of inhonoge- 

n e i t i e s  can be a p p l i e d  a l s o  t o  c a s e s  wi th  v i b r a t i o n  monochromaticity 

l e s s  s h a r p l y  expressed.  One may assume t h a t  t h e  p r i n c i p l e  o f  superimpo- 

s i t i o n  i s  v a l i d  a t  i r r e g u l a r i t y  appearance and t h e  e l e c t r o n  d e n s i t y  

v a r i a t i o n s  may be i n t e r p r e t e d  a s  a  r e s u l t  o f  concomitance o f  t r a v e l i n g  

wave p ropaga t ion ,  A t  t h e  same time i t  is e s s e n t i d l  t h a t  increments  do 

n o t  depend d i r e c t l y  on t he  f requency 

The a b s o l u t e  va lue  of phase v e l o c i t y  Vg can be determined from 

t h e  c o r r e l a t i o n  
v@, = UiO cos 0, 

provided we r e f e r  t o  (I?), Rere is t h e  ang le  between t h e  d i r e c t i o n  

o f  t h e  s h i f t  v e l o c i t y  of  i o ~ s  UiO and t h e  wave v e c t o r  k .The s e l e c t i o n  

o f  non-damping d i ~ t u r i ; a n c e s  make i t  necessa ry  t o  l i m i t  ou r s e lve s  t o  

waves wi th  alsnall v e c t o r  k component i n  t h e  d i r e c t i o n  o f  t h e  f i e l d  Roe 

Otherwise ,  t h e  r o l e  o f  l o n q i t u d i n a l  d i f f u s i o n  would have been s o  subtan-  

t ia l  t h a t  t h e r e  could be no ques t ion  of t r u e  wave a c c r e t i o n ,  The re fo r e  

we s h a l l  p o s t u l a t e  t h a t  k , > k r  o r  k g >  kx.  ( s e e  below),  

A s  t o  t h e  t r u e  i r r e ~ u l a r i t i e s ,  vfe allV4.ays have t o  do wi th  c e r t a i n  

s p e c i f i c  assor tments  of  waves (wave packs ) .  I n  such  ca se s  i t  is more 



c o r r e c t  t o  l i n k  t h e  i r r e g u l a r i t y  s h i f t  wi th  t he  group v e l o c i t y  

Vrp ='d@/ak. r a t h e r  than  wi th  t h e  yhuse v e l o c i t y .  From (191, we have 

i, e .  t h e  s h i f t  v e l o c i t y  of t he  nonuniform s. trztcture is de f ined  by 

t h e  r egu l a t ed  i o n  v e l o c i t y ,  However, an esse1:tial remark must be made 

t h a t  tile waves w i t h  ler ,ge components kZ damp v igorous ly ,  E s s e n t i a l l y ,  

t h e  p e r t u r b z t i o n s  p r o p a r s t i n g  i n  a quas i t r ansve r se  d i r e c t i o n  r e l a t i v e  

t o  Ho w i l l  e i  h e r  be e s s e n t i a l l y  weakly-damping o r  nsn-damping a t  all. 

I f  t h e  s h i f t  of  i o n s  d o n g  EO is determined by t h e  motion of' t h e  

n e u t r a l  component [4 ,71 ,  t h e 3  i n  t h e  d i r e c t i o n s  perpendicu la r  t o  Hg 

d r i f t - t y p e  s h i f t s ,  occu r r i ng  f o r  i n s t a n c e  under t h t  e f f e c t  o f  l a t e r a l  

e l e c t r o s t a t i c  f i e l d s ,  p l a y  an e s s e n t i a l  p a r t .  It i s  c l e a r  from t h e  

above-said,  t h a t  i n  t he  g iven  case  me may approximately e s t ima te  t h a t  

V r p  = u i o l t  (224, 

where U i o l  is  t h e  t r a n s v e r s e  component o f  t he  v e l o c i t y  UiO. 

Thus, we reach t h e  c o n c l u ~ i o n  t h a t  a t  appearance of i r r e g u l a -  

c i t i e s  t he  v e l o c i t y  of  wave motions i n  t h e  F-layer i s  determined by 

t h e  drif t-component,  I n  t he  f i r s t  a-pproximation t h e  component Urn 

does n o t  e x e r t  any e f f e c t  on t h e  motion of i r r e g u l a r i t i e s  i n  ou r  i n t e r -  

p r e t a t i o n ,  Insamuch as i n  r e a l i t y  we have t o  do wi th  wave packs r a t h e r  

t han  wi th  waves p rope r ,  only  an e s t ima te  f o r  t h e  v e l o c i t y  of t h e  t y p e -  

V, ,  - -o /keA/T ,vhe re  is t h e  wavelength and T- t he  o s c i l l a t i s n  pe r iod ,  

can be c iven ,  The l e n g t h  is cons idered  t o  be o f  t h e  same o r d e r  wi th  

t h e  c h a r a c t e r i s t i c  dimension of  tlte i r r e g u l a r i t i e s  . From t h e  e s t i -  

mate t hus  brought ou t  i t  i s  c l e a r ,  t h a t  f o r  a f i x e d  v e l o c i t y  s f  motion 

t o  i r r e g u i z r i t i e s  o f  g r e a t e r  s c a l e s  correspond g r e a t e r  o s c i l l a t i o n  

pe r iods .  A s  f a r  as can be judged, t h i s  conc lus ion  corresponds t o  r e a l i t y .  

L e t  us  now pass  t o  t h e  b a s i c  ques t ionof  wave a c c r e t i o n  and 

damping. According t o  (20)  we have 



7 = Yo + Y l  + ?'sv 

where 

The f i r s t  addend i n  ( 2 3 )  d e f i n e s  t h e  damping of  d i e tu rbances  

(rD 4 0 )  on account of  t h e  l o n g i t u d i n a l  ambipo1a.r d i f f u s i o n .  The quan- 

t i t i e s  rl and r2 may be ,  g e n e r a l l y  speak ing ,  p o s i t i v e  as wel l  as nega- 

t i v e  . 
Le t  UE c o n r i d e r  f i r s t  of  a l l  t h e  e f f e c t  of d i f f u s i o n ,  For 

71 ,=- -Dk' (k : /k2)  i t  is  e s s e n t i a l  as t o  how t h e  r e l a t i o n  &,/k is chosen. 

It i s  however c l e a r  t h a t  t h e  cond i t i on  k;'<k, must be admit ted,  
9 2 For example, a t  250 km a l t i t u d e  tlae va lue  Dl1 A. 7 hO cm /see  C131. 

Then, a t  -A.- 1 KM t h e  va lue  y I) - 30 (k2% / k2 ) , The i r r e g u l a r i t y  

l i f e t i m e  t M 1/$ at  k, - k mould be very  s h o r t  and would on ly  con- 
D 

s t i t u t e  tD -lom1 - loo2 s e c ,  which does no t  correspond t o  r e a l i t y .  

A t  k,/k -loo2 we ob t a in  tD- lo2  -- 13 a e c ,  which a l r eady  is accept-  

ab l e .  From t h a t  example ar,d from o t h e r  e s t i m a t e s ,  which r a t  t h e  t h e  p r e s e n t  

s t a g e  of development of t h e  theory  b e a r  only  a q u a l i t a t i v e  c h a r a c t e r ,  i t  
-2 -2 fol lows t h a t  a t  k,/k 1 0  t h e  va lue  YD-.10 1 0 ~ ~ .  

V1e shall show below, t h a t  yl and may be p o s i t i v e  a t  s p e c i f i c  
2 

assumptions and have va lues  no s m a l l e r  than  rn and a t  t i m e d  

even ID loo2. Th i s  speaks  of  t h e  ~ o s s i b i l i t y  o f  d i s t u rbance  a c c r e t i o n  

i n  t h e  p resence ,  however, sf a  f avo rab l e  s i t u a t i o n ,  The i n e q u a l i t y  

i m p l i e s  t h a t  a t  i r r e g u l a r i t y  appearance t h e  h o r i e o n t a l  component of  t h e i r  

v e l o c i t i e s  must have f o r  t he  b a s i c  component e i t h e r  t h e  eas t -west  o r  t h e  

west-eas t  one. The predominating occ i r r ence  of  t h i s  component is t h e  

r e ~ u l t  of exper ience  [14 ,151 .  A t  t h e  Eame t ime ,  one should  renernber t h a t  

our  a s s e r t i o n s  r e f e r  only  t o  t h e  gene ra t i on  r eg ion  and t h a t  they do n o t  

imply a t  a l l  t h a t  e i t h e r  t he  eas t -west  o r  west-east  coixponent must be 

p r e v a i l i n g  a t  a l l  obse rva t i ons ,  I n  t h e  d i s c u ~ s i o n s  above we d i d  n o t  m&e 

any d i s t i n c t i o n  i n  t h e  rough approximation between t h e  geographic and geo- 

magnetic coord ina tes .  



The addend $= -- d i v  UiO is d i f f e r e n t  from ze ro  i n  t h e  pre-  

sence  of r e g u l z r  v a r i a t i o n s  of  i o n  v e l o c i t i e s  Ui0 i n  space ,  The 

c h a r a c t e r  of  t h e s e  v a r i a t i o n s  f o r  t h e  d r i f t  component UiOL is still  

no t  q u i t e  c l e a r .  Another cause  may r e ~ i d e  i n  t he  n e u t r a l  ga s  s h i f t s  

a l ong  t he  f i e l d  HO, a t  which e l e c t r o n  en t ra inment  may t ake  p l ace  ' 

with  a v e l o c i t y  UiO 11 = Urn,, where Urn, is t h e  z- component o f  =ole-  

c u l e  v e l o c i t y .  I f  we a  Eume t h a t  v e r t i c a l  motions wi th  a v e l o c i t y  
4 U cd 1 0  cm/sec a r e  p o s s i b l e ,  w i t k  t h e  v a r i a t i o n s  i n  t h e  e and h 

mz 
d i r e c t i o n s  o f  t h e  same o r d e r ,  we have 

sum, 'Urn, div UIo = - ---- at dh ' 

The v e l o c i t y  U m  must va ry  s u b s t a n t i a l l y  ove r  d i s t a n c e s  o f  
6 t h e  o r d e r  of t h e  h e i g h t  of  tk.e uniform atmosphere H ,  A t  H = 4. 1 0  , 

t h e  q u a n t i t y  

The ob ta ined  va lue  i s  conparable  r ' i t h  t he  above-presented f i g u r e s  1 
f o r  -f L), s o  t h ~ t  d i s t u rbance  i n c r e a s e  i s  posc ib l e  i f  dUmzldh<O. 

T!!e must however a d x i t  t k a t  t h e  admitted. ve lue s  of 4 
'me - 10 cm/sec 

e r e  r a t h e r  g r e a t ,  "'e ma:; a l s o  po in t  t o  a  subsequent  p o s s i b l e  means o f  

i r r e g u l ~ r i t y  appearance o i   mall-scale type.  I n  t he  presence o f  d r i f t  

t h e  con,cidered,ecll i .ni~m a t  d i v  UiO f 0  nay ensure  i n  t he  f i r s t  p l ace  

tire a c c r e t i o n  o f  l a r g e - s c a l e  d i s t u r  slices with I 2  10 kri ,  e i n c e  f o r  

them t h e  a e w e n i n g  e 2 i e c t  of  d i i i ' u s i on  i s  l e s s  s i g n i f i c a n t ,  A t  s u f f i -  

c i e n t l y  s t r o n g  a c c r e t i o n  i r r e g u l ~ r i t i e s  i n  t h e  v e l o c i t y  UiOazlay occu r ,  

f u r t h e r  l e a d i n g  t o  s n a l l e r - s c a l e  wave a c c r e t i o n .  Over t h i s  path  i t  is  

ea sy  t o  e x p l a i n  t h e  e x i s t e n c e  o f  some s o r t  o f  an assor tment  of va r ious -  

s c a l e  i r r e g u l a r i t i e s  i n  t h e  F- layer ,  which is  o f t e n  noted a t  observa- 

t i o n s .  

The q u a n t i t y  r2 is d i f l e r e n t  from z e r o  on ly  i n  t h e  presence 

of c u r r e n t s  with a  d e n s i t y  jo,= eNo (Uio - U,,) = elVo~ljo.  It is beyond doubt  



t h a t  such  c u r r e n t s  e x i s t  i n  t h e  dynarco-region b e l o v  t h e  F-la-yes. T h i s  

s u p p o r t s  t h e  a s ~ u m p t i o n  of  t h e  e x i s t e n c e  o f  c u r r e n t s  i n  h i g h e r  remions. 

The dependence o f  ' f2  on ;Po is i n  c o r r e ~ p o l l d e n c e  w i t h  t h e  experiment-  

a l l y  e s t a b l i s h e d  p ro ro r  t i - o n a l i t y  b e t r ~ e e n  Jibe f r ecuency  o f  i r r e g u l a r i t y  

occur rence  and t h e  moynetic  a c t i v i t y  [ 2 , 1 4 1 ,  I n  e ~ t i m a b i n g  t h e  v a l u e  

of  r2 i t  i s  tl;ecescary t o  b e - r  i n  ~ i n d  tl-izt t l - c  s i g n  of k jO and t h e  

d i f l e r e n c e  b l n v ~ d z - d l n ~ ~ , / d z  ~ L C  imii:a t e r i a l  , f o r  a t  an p r o p r i a t e  cho ice  

of k z > O  o r  k Z i  0,  one majr a e r u r e  t h e  p o e i t i v e n e e s  o f  Y2. f ie s h a l l  

c o n s i d e r  t h a t  by t h e  a o ~ o l u t e  v;i_uf: o f  dlnvddz -dln vYm/& o f  t h e  

o r d e r  o f  din v$dz - din vl,,,/& - VH"~ i . e  . t h e  ad ctends a r e  n o t  compensated i n  
6 t h i s  d i f f e r e n c e  . Assumin[g t h a t  H & 4 1 0  cm at mvdMvl, - 10-a, AU0 -Bur0 

4 and U i O w  5 - 1 0  cm/sec ( d u r i n g  t h e  p e r i o d  oi' magnet ic  a c t i v i t y ) ,  me 
k 

have t h e  e s t i m a t e  TB -- 10-4Pk;. W P - 1 and k/kz - lom2,  t h e  q u a n t i t y  

Y 2  1 0 - ~ s e c - l ,  i . e .  rL &YD ( f o r  the same k,/k). I n  f a c t ,  however, 

t h e  vc?lue oi t h e  v e l o c i t y  Uo i s  l e s s  t h a n  t h a t  02 UiO, s o  t h a t  6 < l .  

A t  fj = 0.1 t i le v a l u e  7% 1 1 0 - 3  s e c - l  f o r  t h e  v e r y  same k/k,, which a l s o  

l e a v e s  a  po s i b i l i t y  o f  i n c r e a s e ,  p z r t i c u l a r l y  f o r  f o r  i r s e g a a r i t i e s  

w i t h  1 w 1 -- 2 km. Fror?. t h e s e  e s t i m a t e s  i t  i s  c l e a r ,  t h a t  t h e  r e i n f o r c e -  

ment mechanism may be e f f e c t i v e  i n  t h e  F - l a v e r  a t  g r e ~ t  c u r r e n t s ,  which 

p robab ly  a r c  induced  o n l y  d u r i n g  t h e  p e r i o d s  o f  s t r o n g  magnet ic  d i s t u r -  

bances .  

Ue s h a l l  p o i n t  o u t  i n  c o n c l u s i o n  t h a t  t h e  above e c t i m a t e s  f o r  yl 

and r2 appear  t o  be rough,  The E a n e  niay be s a i d  i n  r e s p e c t  t o  d r i f t  

motion c h a r a ~ t e r i s t i c s .  T h e r e f o  e ,  f u r t h e r  work must bc conducted w i t h  

a b e t t e r  comparison o f  t h e o r y  w i t h  p r a c t i c e .  Kowever, i n  t h e  e x p e r i m e n t a l  

f i e l d  nilnerouaj d a t a  a r e  u n f o r t u n a t e l y  i n ~ n f f i c i e n t l y  s p e c i f i c .  C e r t a i n  
b 

p r e c i s i o n s  i n  t h e  f i e l d  o f  t h e o r y  may pos,:ibly have t o , e f f e c t e d .  However, 

we hope chat  t h e  b a s i c  i d e a  of  t h i s  work w i l l  r e s u l t  c o r r e c t  and f r u i t -  

f u l  f o r  t h e  u n d e r s t a n d i n g  of  t h e  c a u s e s  l e a d i n g  t o  i r r e g u l a r i t y  appea- 

r ance  i n  t h e  F - l a y e r ,  



We s h a l l  s t r e s s  once more, t h a t  i n  our  opini-on t h e  cause 

o f  i r r e g u l a r i t y  appearance i n  t h i s  r eg ion  of  t h e  ionosphere  r e s i d e s  

i n  t he  i n s t a b i l i t y  of  t h e  d r i f t  flow of e l e c t r o n s  and i o n s ,  

* * * *  THE EPD * * * *  
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